Objective: Candidates for revision tympanoplasty have experienced at least one failed attempt at repair of the tympanic membrane and are, therefore, at higher risk for subsequent repair failure. The adjunctive use of mastoidectomy with tympanoplasty in those patients with noncholesteatomatous chronic otitis media is often used to decrease the risk for subsequent failure. However, at this institution, where we use cartilage tympanoplasty, mastoidectomy is rarely performed in the absence of cholesteatoma. Our objective was to assess outcomes in patients undergoing revision tympanoplasty without mastoidectomy using cartilage grafting. Study Design: We conducted a retrospective case review. Setting: Tertiary referral center. Patients: A total of 95 patients (42 female, 53 male; 5-81 yr of age) with a recurrent perforation who were treated surgically with cartilage tympanoplasty without mastoidectomy were included in the chart review. Patients must have undergone at least one previous tympanoplasty without mastoidectomy and had to have complete audiologic and chart follow up.
Tympanic membrane grafting has garnered a significant amount of attention in the literature since its original description in 1952 by Zollner (1) and Wullstein (2) . Dozens of approaches, techniques, and grafting materials have been popularized and supported by various authors. Recently, the use of cartilage in reconstruction of part or all of the tympanic membrane has been described as an effective method for achieving a dry hearing ear with no perforation in certain challenging circumstances (3) (4) (5) (6) (7) (8) (9) (10) . Multiple publications describe success rates with cartilage tympanoplasty in terms of achieving a closed dry ear, which are equivalent to those of more traditional graft materials, with equivalent hearing results (3, 5, 11) . Multiple authors currently recommend cartilage tympanoplasty in patients with high-risk perforations (i.e., subtotal, bilateral, craniofacial abnormalities) (3, (11) (12) (13) . Revision tympanoplasty surgery represents another high-risk situation that may benefit from the use of cartilage grafting.
Many authors support the adjunctive use of mastoidectomy in these revision cases in an effort to improve the success rate, regardless of graft material (14, 15) . The arguments in favor of mastoidectomy include the assertions that the open mastoid cavity provides an improved volume and pressure buffer, rids the mastoid of diseased mucosa, and ensures adequate patency of the aditus (14) (15) (16) . Although this logic is sound and is supported in the literature, we believe that in many revision cases, reconstruction with a robust material such as cartilage provides the additional stability necessary to allow the middle ear and mastoid to revert naturally to a normalized environment without mastoidectomy. Often used in atelectatic ears and cholesteatoma surgery, cartilage grafting provides a tympanic membrane with greater structural stability during times of negative middle ear pressure (13, 17) .
To examine the success rates with revision tympanoplasty using cartilage grafting, we carried out a retrospective study of the results of cartilage tympanoplasty without aerating mastoidectomy for repair of recurrent tympanic membrane perforation. Primary study parameters included incidence of reperforation of the grafted tympanic membrane, hearing result, and prevalence of other complications.
MATERIALS AND METHODS

Chart review
Between July 1994 and June 2001, over 1000 cartilage tympanoplasties were performed by the senior author and resi-dents under direct supervision at the University of Arkansas for Medical Sciences, Arkansas Children's Hospital, and the John C. McClellan Veterans' Administration Hospital, all in Little Rock, Arkansas. A computerized otologic database was used to identify 283 patients whose primary indication for surgery was perforation. Of these, 214 had complete audiologic and chart follow up available, 99 of whom had at least one previous attempt at tympanoplasty. The graft material used at the time of the primary operation was temporalis fascia in all cases. Four of these patients had a previous mastoid surgery and were thus excluded, giving a total of 95 patients who met the study criteria.
Charts of these patients were reviewed, and the following information was extracted: date of surgery; type of tympanoplasty; audiologic result; and development of recurrent perforation, effusion necessitating tube placement, or prosthesis extrusion. The middle ear environment at the time of surgery was also noted, including the presence or absence of drainage and the status of the middle ear mucosa. Computed tomography scanning of the temporal bones was performed in select cases that demonstrated marked drainage, granulation tissue, or had an examination otherwise in concern of the presence of cholesteatoma. Only those patients without evidence of cholesteatoma by computed tomography scan were included in this study population.
Surgical technique
An underlay tympanoplasty using either a tragal cartilageperichondrium island graft (3, 4) or concha cymba cartilage with the palisade technique (8, 11, 18) was used in all cases. Ossiculoplasty, when necessary, was performed with the Dornhoffer HAPEX Total or Partial Ossicular Replacement Prosthesis (TORP or PORP) or Titanium Bell PORP (Gyrus-ENT, Bartlett, TN).
RESULTS
Patient population
Of the 95 patients included in this study, 42 were female and 53 were male. The average age was 35.4 years, with a range of 5 to 81 years. Forty of the patients (42%) were under the age of 18. The average time since surgery was 4 years 1 month (range, 12-90 mo) with an average chart follow up of 12 months. A tympanoplasty alone was performed in 66 of the 95 patients. Twentyone patients required ossicular reconstruction with a PORP, and eight required more extensive ossiculoplasty with a TORP. All surgeries were performed on an outpatient basis, and no immediate complications were apparent in any case.
At the time of surgical repair, the ear was actively draining in 20 of 95 patients (21.1%). The remaining patients exhibited dry ears at the time of surgery. The mucosal status of the middle ear was described as normal in 54 (56.8%), whereas 41 (43.2%) had evidence of fibrosis with markedly thickened mucosa and/or scar bands described at the time of surgery.
Recurrent perforation
Successful closure of the ear without reperforation was obtained in 90 patients (94.7%). Four of the five recurrent perforations occurred in the portion of the tympanic membrane not reconstructed with cartilage. The fifth reperforation represented a total loss of the cartilage graft within 3 months associated with a Pseudomonas infection in a pediatric patient. Four of the patients with recurrent perforations had undergone Type I tympanoplasties, and the fifth patient with a reperforation has been reconstructed with a TORP. None of these patients had drainage present at the time of repair.
Of the five reperforations, two occurred in patients younger than 18 years of age. Thus, the success rate for the pediatric group was 95.0% (38 of 40), and the success rate for the adult group was 94.5% (52 of 55), which was not a statistically significant difference. Age did not, therefore, influence the outcome in our patient population.
The presence of fibrosis in the middle ear was also not predictive of outcome. Only one of the reperforations had fibrosis described at the time of the repair. Therefore, of the 41 patients with fibrosis, 40 had no recurrent perforations (97.6%). There were no cases of prosthesis extrusion.
Effusion necessitating tube placement
A tympanostomy tube was placed intraoperatively in two ears and postoperatively in two ears for the development of effusion that did not resolve with conservative management. Two of the patients requiring intubation (one intraoperatively and one postoperatively) were among the 20 patients with drainage at the time of the revision surgery. Postoperative tube placement was only performed after effusion developed and did not resolve with a minimum of 2 to 3 months of observation and attempts at improving eustachian tube function with autoinsufflation and/or nasal steroid administration. Intraoperative tube placement was performed in cases in which the contralateral ear had been repaired at a previous date and postoperative intubation had proved necessary. If one were to deem the necessity of tube placement as a failure of this technique, then the success rate for the draining population falls to 90% (18 of 20), which is not significantly different from that obtained in the nondraining ear group (68 of 75 [two tubes, five perforations], 90.7%) or overall 86 of 95 [four tubes, five perforations], 90.5%). However, it should be noted that we were still able to obtain a good tympanoplastic and audiologic result in these two patients.
The intraoperative and postoperative tube placements were divided evenly between the pediatric and adult patients, with an intraoperative and postoperative tube placement in each group. One of the two intraoperative tube placements had fibrosis described at the time of the repair.
Audiologic result
Audiologic data was analyzed for the 95 ears using preoperative and postoperative pure-tone average airbone gaps (PTA-ABG) obtained from four frequencies (500, 1000, 2000, and 3000 Hz). The average preoperative PTA-ABG was 24.6 ± 13.8 dB (standard deviation
[SD]), with a range of 3.75 to 65 dB. The average postoperative PTA-ABG was 12.2 ± 7.3 dB, with a range of 0 to 30 dB. This difference was statistically significant using the Student t test (p < 0.001). No patient had to undergo reexploration for conductive hearing loss during this short-term follow-up period.
DISCUSSION
Repair of the recurrent tympanic membrane perforation is a common task facing the otologic surgeon. Although primary tympanoplasty enjoys success rates of 90% or greater, successful outcome in revision cases can be more difficult. The prevailing consensus has been that those patients who experience a poor outcome typically have ongoing environmental factors predisposing them to failure such as drainage and continued eustachian tube dysfunction (19) (20) (21) and, more recently, smoking (22) .
Many authors have recommended mastoidectomy in conjunction with tympanic membrane grafting to increase graft success in revision, and even primary, tympanoplasty. The primary argument in favor of mastoidectomy has been an improvement in the middle ear and mastoid environment through clearance of diseased, secretory mucosa and the ventilatory mechanisms of an open mastoid system (14-16). The mastoid air cell system is thought to function, at least in part, as a buffer to changes in pressure within the middle ear (23) . According to Boyle's Law, an increase in the volume available to the middle ear space through a surgically opened mastoid would be protective for the tympanic membrane in response to middle ear pressure changes. Although this physiological concept is certainly well supported in the literature, very few papers actually compare the success of tympanoplasty with and without the addition of mastoidectomy.
Ruhl and Pensak (14) presented their results with 135 revision tympanoplasty surgeries performed in conjunction with mastoidectomy as evidence supporting this concept. Although they obtained grafting success in over 90% of patients, even in those with a history of intermittent or active drainage, they acknowledge the lack of a control arm without mastoidectomy. Balyan et al. (24) have reported equivalent results of graft take and hearing result with or without mastoidectomy in their series of 323 tympanoplasties. Eighty-one of these patients were described as discharging severely at the time of surgery. The authors did not, however, limit their population to revision surgeries. Mishiro et al. (25) also supported the use of tympanoplasty without mastoidectomy in chronic noncholesteatomatous otitis media with an equivalent rate of grafting success and hearing results regardless of the state of the ear at repair (draining vs. nondraining) or the addition of a mastoidectomy. However, in each of these studies, the choice of grafting material is largely ignored as a factor in success.
Since its introduction approximately 50 years ago, cartilage tympanoplasty has been used in many challenging circumstances. The use of cartilage in cases of cholesteatoma and retraction is commonplace (4, 10, 18, 26, 27) . Others have advocated its use in cases of recurrent perforation, bilateral perforations, and craniofacial abnormalities predisposing to eustachian tube dysfunction. The intrinsic characteristics of cartilage provide a stiffer, hardier alternative to traditional graft materials. At our institution, we liberally use cartilage grafts in tympanoplasty and rarely include mastoidectomy in the absence of cholesteatoma. The abnormal environment and function of the middle ear in chronic noncholesteatomatous otitis media are, at least in part, of mucosal origin. The reliable, robust reconstruction with cartilage grafting provides enough structural stability during times of negative middle ear pressure to allow the mucosa to revert to a more normal state naturally, and more readily resists continued eustachian tube dysfunction.
Our results appear to bear this out, demonstrating acceptable success rates for grafting and hearing results in both the pediatric and adult populations. Although this study, like many others, lacks a control arm for direct comparison, the results certainly compare favorably with those published for the use of tympanoplasty with mastoidectomy in similar populations. Reperforation occurred in only five of 95 cases, whereas four repaired tympanic membranes required intubation either intraoperatively or postoperatively. Interestingly, four of the five reperforations occurred outside the area grafted with cartilage. We commonly preserve a strip of native tympanic membrane to aid in postoperative surveillance for effusion and allow for easy tympanostomy tube placement in the cases of effusion. Theoretically, more thorough cartilage grafting to include these areas could have prevented some of these failures.
Despite these promising results, there are certainly circumstances in which mastoidectomy is advantageous in chronic otitis media without cholesteatoma, and the adjunctive use of high-resolution computed tomography scanning of the temporal bones can be used to identify these cases, as discussed by Ruhl and Pensak (14) . If the possibility of cholesteatoma exists preoperatively, one should be prepared for the addition of mastoidectomy depending on the intraoperative findings. Patients in whom cartilage tympanoplasty without mastoidectomy fails become candidates for mastoidectomy at our institution. Additionally, we find it important that any patient with active drainage be treated preoperatively with topical antibiotic solutions, often containing steroids, in an attempt to optimize the surgical milieu.
This study has the limitations of a retrospective review in that there is no control arm of patients in whom mastoidectomy was combined with tympanoplasty. Additionally, only 20 of our 95 revision cases had drainage on the day of surgery. Certainly, this subset is a challenging group that many would argue would benefit most from mastoidectomy. We also do not have data detailing the proportion of our patients in whom intermittent drainage was occurring, although this was certainly a common complaint. A greater cohort of patients with regard to these subsets would strengthen our conclusions. How-ever, in comparison with traditionally reported success rates for primary and revision tympanoplasty, as well as the results reported in those papers supporting the adjunctive use of mastoidectomy (14, 15) , our success rates compare favorably. In conclusion, we feel that by providing a repair with greater structural stability and strength than traditional graft materials, cartilage grafting for revision tympanoplasty offers equivalent results to tympanoplasty with mastoidectomy in many patients with challenging middle ear environments.
INVITED COMMENTARY
"Success of Cartilage Grafting in Revision Tympanoplasty Without Mastoidectomy" is concise, well-written, and thought-provoking. The article suggests that good results can be obtained at revision tympanoplasty without the need for mastoidectomy, even in the face of persistent otorrhea. Successful outcomes are more likely to be a function of the robust nature of cartilage as a grafting material. It appears that cartilage has the unique ability to resist deformation from pressure variations and is less susceptible to graft loss, despite being placed in a hostile environment. The latter is borne out by the fact that 20 of the 95 patients who had actively draining ears had good outcomes at revision surgery. The casual reader should, however, be cautious in generalizing these results, when another less robust material such as temporalis fascia or perichondrium is used for grafting purposes during revision tympanoplasty. Until further research demonstrates otherwise, a cogent argument can be made for performing a mastoidectomy in the face of persistent drainage, which is unresponsive to antibiotics, or when high-resolution computed tomography scans suggest the presence of disease in the mastoid. This is particularly true when the first operation has failed. This reviewer would like to compliment the authors on a scholarly addition to the literature. Admittedly, the article has the shortcomings of a retrospective study and lack of controls. Theoretical arguments notwithstanding, the high percentage of successful outcomes attests to the exceptional technical skill of the surgical team. Sealing the middle ear from the environment appears to have a beneficial effect in naturally reversing not only middle ear mucosal disease, but perhaps, mastoid disease as well.
Arun K. Gadre, M.D.
Director of Otology and Neurotology
University of Texas Medical Branch Galveston, Texas
